Abstract Obesity is generally caused by quantitative changes in adipocyte differentiation and fat metabolism. Only a few studies have been determined the effect of red beans extract on obesity and plasma cholesterol concentration. We have been studied the functional activities of red-bean extracts including anti-oxidative effect against DNA and cell damages. Histological study including micro CT analysis showed that the accumulation of fat in hepatocytes and intestines was significantly decreased in red bean extract treated group. In addition, plasma cholesterol and triglyceride levels were decreased in blood samples. In addition, it was confirmed that the red bean extract inhibited the expression of PPARc, Fabp4 and RETN genes, which regulate total adipocyte differentiation and lipid metabolism. Red bean extract inhibits the expressions of transcription factors associated with adipocyte differentiation in a dose-dependent manner, thereby inhibiting fat accumulation and decreasing blood lipid levels in obese mice induced by high fat diet.
Introduction
Obesity is a complex disorder involving various causes including genetic, environmental, changed dietary patterns and other factors (Grundy, 1998) . Obesity is generally induced by quantitative changes in adipocyte differentiation and an imbalance between energy intake and energy expenditure. Obesity influences normal physical and biochemical functions in the body and is associated with several diseases (The GBD 2015 Obesity Collaborators, 2017 . For this reason, many studies have investigated the differentiation of pre-adipocyte and lipid metabolism to understand and cure obesity-related diseases (Rosen and Spiegelman, 2014) . Many studies have explored functional substances from diverse florae involved in biological activities to treat such chronic diseases (Cefalu et al., 2008) . For example, soy protein and soy protein hydrolysates is known to be effective in improving obesity-related diseases by prohibiting weight gain and high lipid accumulation and reducing blood lipid and body fat contents (Aoyama et al., 2000; Velasquez and Bhathena, 2007) . Moreover, several substances from soybean, such as isoflavones and beta-conglycinin, have a function in enhancing lipid metabolism by reducing the blood-cholesterol levels of obesity and improving metabolic syndrome by decreasing blood -triacylglycerol levels and inhibiting the accumulation of visceral fat (Ali et al., 2004; Kohno et al., 2006) . Also, red bean (Phaseolus angularis), used as this study material, is the second most demanded pulse crop in Asia next to soybeans and it is commonly used as first choice beans for cooking with rice in various dishes, and bean pastes. Red bean contains cyanidin, a derivative type of anthocyanins, which has shown a significantly high antioxidant capability and anti-tumor activity (Knaup et al., 2009; Koide et al., 1997; Yoshida et al., 1996) . The methanol and water extracts of most red bean species are known to contain large amounts of anthocyanins (Akond et al., 2011) . However, only few studies are being conducted to identify physiologically active substances in red beans. Although anthocyanin-type pigments are abundant in red bean hot water extracts, produced during the red bean paste manufacturing process, all the extracts are currently discarded without supplementary studies taking place. Therefore, this study aims to investigate on the antiobesity function of red beans by identifying the effects of red bean hot water extracts on lipid metabolism and obesity, which are usually disposed-off during food processing.
Materials and methods

Materials and reagents
Red bean hot water extracts (RBE) used in this study has been made by boiling 1 kg of dried red bean (Phaseolus angularis) bought from Mungyeong Nonghyup (Mungyeong, Korea) with ten liter of water for 4 h. Subsequently, filtered extract was centrifuged at 15,000 rpm for 30 s and supernatant was freeze-dried and stored in the freezer. Antibodies used for western blotting were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA) and other reagents were purchased from SigmaAldrich (St. Louis, MO, USA).
Laboratory animals and diets
All 3-week-old male mice (C57BL/6) were raised in a breeding room under constant conditions (a temperature of 21.4 ± 0.05°C, a humidity of 61 ± 1%, a light-dark cycle of 12 h). Mice were domesticated for a week by feeding them with sufficient water and food (AIN-76A Purified Rodent Diet). Subsequently, twenty-one mice were classified into three groups of control group (AIN-76A diet), high-fat diet group (40% beef tallow ? AIN-76A diet, HFD group) and RBE diet group (40% beef tallow ? AIN-76A diet supplemented with 30% P. angularis extracts, H-PA30 group). Each group was fed with designed food compositions for 8 weeks (Table 1) . Weight changes of mice and the amount of food and water intake were checked at indicated intervals during the experiment period. All animal testing procedures were performed in accordance with principle of laboratory animal care of Andong National University under the regulations of laboratory animal management and guidance (2014-3-1111-09-01) .
Amount of adipose tissue and histological observation
After measuring the weights, adipose tissues in liver and epididymis were treated and fixated in FAA solution at 4°C for 24 h to identify the size and the amount of fat cells in adipose tissues. After fixation, the tissues were washed and dehydrated and then, made into a paraffin block by treating with paraffin solution. Tissue blocks were cut into 4-6 lm-thick sections. Sliced tissue sections were doublestained with hematoxylin and eosin and observed under optical microscope (Olympus BX50, Japan). Photographs Control normal diet, HFD high fat diet, H-PA30 high fat diet ? 30% P. angularis extract powder were taken using Olympus DP-71 and fat tissues in each group were observed.
Analysis of blood components
Collected blood samples were centrifuged for 10 min at 3500 rpm to separate plasma. To assess the activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), plasma was added to each TMB substrate solution according to the method as described previously (Reitman and Frankel, 1957) . The total cholesterol (TC) and HDL-cholesterol contents were measured at 500 nm using a detection kit (Asan, Korea) based on fermentation methods of Richmond (1976) and Noma et al. (1978) respectively. Blood cholesterol and HDL-cholesterol contents were presented as mg/dl according to standard calibration curve. LDL-cholesterol content was calculated based on an equation described method by Friedeman et al. (1991) . The total lipid content was assessed with manufacturer's instruction using a kit (Asan, Korea) by methods of Frings and Dunn (1970) .
Measuring abdominal fat volumes using in-vivo micro-CT
Abdominal fat volumes, colored gray, in each intra-abdominal tissue of male C57BL/6 mice were calculated using an in vivo micro-CT scanner (In-vivo Micro-CT, SkyScan 1076, SKYSCAN N.V., Belgium) and Mimics software version 13.0 (Materialise N.V., Belgium). Based on the gray values assessed using threshold methods, volumes in each classified section of lumbar vertebral, lean tissue, adipose tissue, and skin were assessed by recomposing extracted abdominal adipose tissues into 3D structures. Measured values are presented, including weight, with the volume of total abdominal fat, the volume of abdominal subcutaneous fat, and the volume of abdominal visceral fat.
Induction of preadipocyte differentiation
Purchased 3T3-L1 preadipocytes from American Type Culture Collection (ATCC) were cultured in a cell incubator by adding 10% bovine serum (Gibco Inc., USA) and 1% penicillin-streptomycin (Gibco Inc., USA) in Dulbecco's modified Eagle's medium (DMEM, Gibco Inc., USA) under the conditions of 37°C and 5% CO 2 .
To induce the differentiation of preadipocytes, the cells were cultured for 48 h in a differentiation-inducing medium containing 1 lM dexamethasone (Sigma, USA) and 0.5 mM IBMX (Sigma, USA) and then transferred to another differentiation-inducing medium containing 1 lg/ ml insulin. Subsequently, the medium had been changed twice every 48 h whilst checking the degree of differentiation. To verify the ability to suppress preadipocyte differentiation indicated concentrations of RBE were treated during the differentiation induction process. In contrast, the control group was induced for differentiation without adding RBE. Cell survival rate was determined with MTT assay using micro plate reader (infinite 200, Tecan Trading AG, Switzerland). The measured absorbance was presented as the percentage of the average absorbance values of the control group using the following equation. (Cell viability (%) = (absorbance of extract treatment group/absorbance of control group) 9 100). And adipocyte differentiation ratio was measured by Oil Red O staining method.
Total RNA isolation and cDNA synthesis
The culture media was removed from 6 well plate treated with RBE. The cultivated cells were washed with 2 ml of DPBS (WelGENE Inc., Korea) and collected to a polypropylene tube using TRIzol reagent (Gibco Inc., USA). The collected cells were kept at room temperature for 5 min and then shaken for 15 s by adding chloroform (Sigma, USA). The cells were left at room temperature for another two minutes and centrifuged at 11,000 rpm for 10 min at 4°C to collect the supernatant. The collected supernatant was mixed with 100% isopropanol (Sigma, USA) and kept at room temperature for 10 min. Afterwards, the solution was centrifuged at 11,000 rpm for 10 min at 4°C. After the removal of supernatant, RNA pellet was washed with 75% ethanol at 4°C and centrifuged at 8000 rpm for 5 min. The dried RNA pellet was dissolved at 60°C by pipetting the solution with 50 ll of RNase-free water (DEPC-treated water). Partially mixed genomic DNA was separated and eliminated using total RNA clean-up kit (Ambion, USA). The extracted RNA was quantified using micro plate reader and isolated RNA was used for the synthesis of single stranded cDNA using SuperScript TM III RT kit (Invitrogen, USA) with template.
Quantitative RT-PCR
The Quantitative RT-PCR results were analyzed using PTC-200 rev (Bio-Rad, USA). The sets of specific primers were designed using Primer Express Software version 3.0 (Applied Biosystem, USA) and the synthesis was requested to Invitrogen (USA). One of the most commonly used housekeeping genes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was used as an internal control. PCR mixture was added with 1 ll of forward and reverse primers diluted with TaKaRa Ex TaqTM (TaKaRa, Japan) 0.2 ll, 10 9 Ex Taq buffer 2 ll, dNTP mixture (2.5 mM each) 2 ll, 25 pmol, and 12.8 ll of Cell/Tissue Culture Grade Water (WelGENE Inc., Korea). The synthesized cDNA was quantified and diluted with 50 ng/ ll and only 1 ll was used for the experiment. Corresponding Tm value of each gene was used for each PCR phase. Using 1.8% agarose gel containing EtBr (Fluka, USA), 5 ll of each PCR product and 1 ll of loading dye were mixed together in Mupid gel electrophoresis system (TaKaRa Inc., Japan). The mixture was electrophoresed at 100 V for 15 min. Upon the completion of electrophoresis, the results were verified using a UV illuminator in gel image analysis system (Core Bio iMaxTM, Korea). The degree of expression was analyzed using the Un-SCAN-IT gel version 5.1 (Silk Scientific, Inc.). Selected genes related adipocyte differentiation and primer sequences used in RT-PCR were as below, PPARc-F; 5
Statistical analysis
All results acquired in each experiment were presented as average ± standard deviation. Statistical analysis was performed using the software SPSS version 12.0 (Chicago, IL, USA) and then, individual identity of variance and mean were examined using t-tests. All analyzed results were verified by performing one way analysis of variance (ANOVA) with Duncan's multiple range test. p values of \ 0.05 were considered statistically significant.
Results and discussion
Changes in body-weight and food intake
Body weight changes were measured individually and food intake amounts of mice were determined for assessing the effect of RBE. After 4 weeks of feeding the test diet, the body weights of mice in high fat diet group (HFD group) gradually increased compared to control group. After 8-week dietary exposure to test diets, the body weight of control groups was 25.1 ± 2.5 g. In contrast, the body weight of HFD group was 30.3 ± 2.2 g which is 20.7% higher than control group. However, the body weight of HFD group fed with the diet containing RBE (HFD with P. angularis extracts group, H-PA30 group) was 28.1 ± 1.7 g on the 8th week, only 11.9% higher than control group (Fig. 1A) . In contrast, the amounts of food intake were 3.1 ± 0.2 g in control group, 2.4 ± 0.1 g in HFD group, and 2.5 ± 0.2 g in H-PA30 group, showing no significant differences among experimental groups (Fig. 1B) . Experimental group fed on a high fat diet with the water extracts of corn silk (Zea mays), red bean sprouts (Phaseolus angularis), shiitake mushroom (Lentinus edodes), and green pepper (Capsicum annuum) showed a lower increase in body weight comparing to the group fed with a high fat diet only (Seo et al., 2009 ). Villanueva et al. (2011) suggested that mice fed on high fat diet together with okara, soybean by-product, showed a lower increase in body weight in obesity-induced animal model, indicating the diet with soybean curd by-products was effective in weight reduction. Although the amount of food intake in HFD group was relatively lower than other groups in this study, the HFD group showed a distinctive weight increase. In contrast, H-PA30 group exhibited a significant decrease in body weight compare to HFD group even though a slight increase in food intake.
Histological changes of fats in liver and epididymis
The weights of liver and epididymal adipose tissue in HFD group were 1.0 ± 0.1 and 1.9 ± 0.1 g, respectively, in this study. The weights were higher by 25.0 and 26.7% than those of control group. The weights of liver and epididymal adipose tissue in H-PA30 group were 0.9 ± 0.1 and 1.5 ± 0.1 g, respectively, identified to be lower than those of HFD group (Fig. 1D) . Moreover, the study examined the effects of RBE on the histological changes of adipose tissues in liver and epididymis of mouse on a high fat diet. The cell nuclei of liver tissues in control group were mostly round-shaped and Kupffer cells were observed to be evenly distributed in between liver cells (Fig. 1C-À) . The shapes and sizes of fat globule in liver cells of HFD group were seriously irregular and severely deformed Kupffer cells were detected due to fat infiltration ( Fig. 1C-` ). Severe fat infiltration and greatly enlarged fat globules were observed in epididymal adipose tissues of HFD group (Fig. 1C-˜ ). Although liver cells in H-PA30 group were slightly enlarged, ballooning degeneration of liver cells were much less developed than HFD group. Most of liver and Kupffer cells in H-PA30 group were observed to be similar to those of control group (Fig. 1C-´) . Although the number of fat globule was relatively greater in epididymal adipose tissue compare to HFD group, their sizes were not greatly enlarged compare to HFD group (Fig. 1C-Þ ). An increase in body fat rather than an increase in body weight is generally known to be a negative influence on health and, in particular, an increase in intra-abdominal adipose tissue masses considered as a risk factor rather than subcutaneous fat (Björntorp, 1987) . Imbalance in fatty acid synthesis and oxidative balance generates fat accumulation and insulin resistance, eventually leading to chronic liver diseases and metabolic syndrome. Solloff et al. (1973) reported that high fat diet induces fat accumulation and weight gain in both the liver and epididymal adipose tissue. Moreover, the incidence of metabolic complications increases as abdominal fat and visceral fat contents increase despite the same body fat content (Despres, 1993) . Recently, the hot-water extract of hog millet (Panicum miliaceum L.) has positive effects in curing and preventing non-alcoholic hepatic steatosis by significantly reducing fat and cholesterol accumulation in liver tissue (Despres, 1993) . Furthermore, it was reported that soybean curd residue is effective in preventing obesity by reducing adiposity and cell damage generated by a high fat diet around the central veins of liver cells (Matsumoto et al., 2007) . This study also verified that fat degeneration and ballooning degeneration were alleviated in the experimental group fed on a high fat diet combined with RBE. In addition, the size of fat globules was identified to be not greatly enlarged.
Changes in plasma lipid, cholesterol levels and other components
This study investigated on the effects of RBE intake on the changes of AST, ALT, TC, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) and total lipid (TL) levels induced by a high fat diet. Among blood components, the levels of AST and ALT activity were 122.0 ± 5.2 and 38.3 ± 2.3 IU/l, respectively, in HFD group and 99.8 ± 3.2 and 27.1 ± 2.1 IU/l. respectively, in H-PA 30 group. These activities of two enzymes, used as an indicator of liver abnormality, restored closely to those in control mice as showing 115.6 and 126.0% in HFD-30A group mice compared to 141.4 and 178.1% in HFD mice. The TC levels were 219.6 ± 8.7 mg/dl in HFD group and 186.0 ± 7.5 mg/dl in H-PA 30 group, exhibiting considerably high levels compared to 146.4 ± 6.0 mg/dl in control group. The HDL-C and LDL-C levels were shown to 138.2 and 122.4% higher, respectively, in HFD group and 116.3 and 110.7% higher, respectively, in H-PA 30 group than those levels in control. The TL levels were 138.8% in HFD group and 115.8% in H-PA 30 group compared to the level in control group (Fig. 2B) .
Hyperlipidemia is the condition characterized by abnormally increased level of lipid contents such as cholesterol, triglyceride, free fatty acid, and others in blood. And it is known widely as an risk factor for coronary artery disease by affecting the expression of the metabolic sensor proteins including acetyl-CoA carboxylase and, stearoyl-CoA desaturase-1 (Wat et al., 2009 ). According to a recent study, the levels of cholesterol and triglyceride were reduced in mice after treatment with soybean oligosaccharides, indicating the health improvement by down regulation in plasma lipid concentration (Chen et al., 2003) . Furthermore, the administering 10% soybean solvent fractions to a Wistar mouse in the growth period was effective in preventing obesity by declining cholesterol and triglyceride levels. In this study, we also verified that RBE was also effective in decreasing plasma lipid and cholesterol levels induced by a high fat diet.
Measurement of abdominal fat volumes by micro-CT scanning
Distribution of the abdominal fat of a mouse was determined using an in vivo micro-CT scanner (Skyscan 1076, SKYSCAN N.V., Belgium). Extensive amounts of subcutaneous fat and visceral fat were found to be accumulated in the abdomen of HFD group. In contrast, relatively less volume of the abdominal fat was identified in H-PA 30 group compare to HFD group ( Fig. 2A) . Comparing the abdominal fat volumes of each group, the highest volumes of visceral fat and subcutaneous fat were exhibited by HFD group with 2002.9 ± 33.5 and 524.7 ± 17.5 mm 3 , respectively. On the other hand, the volumes of visceral fat and subcutaneous fat were significantly lower in H-PA 30 group with 1962.2 ± 29.9 and 453.1 ± 11.8 mm 3 , respectively. Considering that the abdominal fat volume of HFD group was 2527.6 ± 51.0 mm 3 , the total abdominal fat volumes of H-PA 30 group was reduced to 2415.3 ± 41.7 mm 3 , exhibiting similar total abdominal fat b Fig. 1 Changes of (A) body weight and b food intake in the experimental groups. All 3-week-old male mice (C57BL/6) were raised in a breeding room under constant conditions as indicated materials and methods. Mice were domesticated for a week by feeding them with sufficient water and food (AIN-76A Purified Rodent Diet) and also each group fed and measured for 8 weeks.
Control group: AIN-76A purified rodent diet, HFD group: 40% beef tallow ? AIN-76A diet, H-PA30 group: HFD supplemented with RBE). All points in both (A) and (B) were represented by mean ± SEM (n = 7). Differences of body weight among control, HFD and H-PA30 mice were analyzed using ANOVA with p = 0.015 \ 0.05 as the criterion of significance. C Effects of P. angularis extracts on liver tissue and epididymal fat morphology (X20). Scale bar = 100 lm. Adipose tissues (À,`,´) in liver and epididymis (ˆ,˜, Þ) were treated and fixated in FAA solution at 4°C. In order to identify the size and the amount of fat cells, sliced tissue sections were double-stained with hematoxylin and eosin and observed under optical microscope (Olympus BX50, Japan). À,ˆ: control group,`,˜: HFD group,´, Þ: H-PA30 group. D Weights of liver and epididymal fat from each groups were measured. The results were expressed as mean ± SEM (n = 7). Differences of liver weight and epididymal fat weight among control, HFD and H-PA30 mice were analyzed using ANOVA with Duncan's multiple range test with p = 0.015 \ 0.05 and p = 0.00 \ 0.05 as the criterion of significance, respectively. Sharing same alphabet indicates no significant difference between two groups (p \ 0.05) volume of 2290.5 ± 66.9 mm 3 in control group (Fig. 2C ). This study also analyzed the total volume of subcutaneous fat and visceral fat distribution in mice using micro-CT scan. Here we verify that the abdominal fat distribution was not increased in H-PA 30 group unlike HFD group, indicating that red bean is effective in suppressing body fat accumulation.
Effect on adipocyte differentiation
The cell survival rates of 3T3-L1 adipocytes were 95.9% at 1.6 lg/ml, 94.1% at 8 lg/ml, 93.3% at 40 lg/ml, and 90.6% at 200 lg/ml of specimen concentration (Fig. S1) . In order to examine the suppressive effects of RBE on 3T3-L1 adipocyte differentiation, the study treated cultured adipocytes with differentiation-inducing substance (1 lM Dexamethasone, 0.5 mM IBMX, 1 lg/ml Insulin) by different specimen concentrations. Upon the completion of differentiation induction, the cultured cells were dyed with Fig. 2 Representative 3D (À, ,´) and 2D (À 0 ,`0,´0) images of total volume and partial area of abdominal adipose tissue (A). (Colored grey; visceral adipose tissue, colored yellow; subcutaneous adipose tissue). Abdominal fat volumes in each intraabdominal tissue of male C57BL/6 mice were calculated using an in vivo micro-CT scanner (in-vivo Micro-CT, Skyscan 1076, Belgium) and Mimics software version 13.0 (materialise N.V., Belgium). À, À 0 : control group,`,`0: HFD group,´,´0: H-PA30 group. Serum components (B) and volume of abdominal and subcutaneous adipose tissues (C) of the experimental groups were determined by the methods as described in materials and method. The results were expressed as mean ± SEM (n = 7). Differences between control, HFD and H-PA30 mice were analyzed using ANOVA with Duncan's test with p \ 0.05 as the criterion of significance. Sharing same alphabet indicates no significant difference between two groups (p \ 0.05). Sharing same alphabet indicates no significant difference between two groups (p \ 0.05). (Color figure online) Oil Red-O solution and observed with a microscope to quantify fat contents. The cultured adipocytes treated with or without a substance inducing differentiation were established as positive and negative control groups, respectively. Compared to the adipocytes treated with differentiation-inducing substance, the fat contents of H-PA 30 group were 98.7% at 1.6 lg/ml, 95.2% at 8 lg/ ml, 94.5% at 40 lg/ml, and 89.7% at 200 lg/ml, showed a decreasing tendency with dose-concentration dependent manner. Moreover, the fat contents of dyed adipocytes also showed a decreasing tendency as RBE concentration increased (Fig. 3A, B) .
Measurement of transcription factor PPARc expression
To examine the effects of RBE on the expression of genes related to 3T3-L1 adipocyte differentiation induction, this study compared the expression of PPARc genes in experimental groups treated with different specimen concentrations with differentiation-induced control group. The expression rates of PPARc mRNA in treated cell line with RBE were 75.5% at 1.6 lg/ml, 44.5% at 8 lg/ml, 25.8% at 40 lg/ml, and 14.3% at 200 lg/ml, showing a decreasing tendency of expression with increasing concentrations of extracts (Fig. 3C) . As adipocyte differentiation induction progresses, the fat metabolism-related gene expression increases with the regulation of transcription factor PPARc gene. An increase in PPARc gene expression is known to generate increased insulin absorption and adipocyte differentiation (Spiegelman and Flier, 2001) . According to recent studies, the formation of fat cells was prevented when preadipocytes differentiated to adipocytes and PPARc gene expression was suppressed (Ferre, 2004, Moller and Berger, 2003) . They also reported that the removal PPARc gene resulted in insulin resistance. Moreover, Jin et al. (2012) reported that decreased PPARc gene expression could be effective in preventing fat formation when andrographolide (AG) was treated during early stage of adipocyte differentiation. We also examined aspects in the expression of PPARc mRNA in the groups treated with RBE. The extract was effective in decreasing PPARc gene expression that suppresses fat accumulation during adipocyte differentiation. Therefore, adipocyte differentiation suppression may be acquired through the inhibition of PPARc gene expression.
Analysis of lipid metabolism gene expression
The study analyzed the effects of RBE in the expression of Fab4 and Scd1 genes expressed during adipocyte differentiation induction. The Fabp4 genes expression levels in the experimental group were 99.5% at 1.6 lg/ml, 83.4% at 8 lg/ml, 29.1% at 40 lg/ml, and 28.7% at 200 lg/ml, showing a gradually decreasing tendency (Fig. 4A) . However, the Scd1 mRNA expression remained almost unchanged compared to the differentiation-induced group (Fig. 4B) . Adipocyte differentiation is known to be regulated by transcription factors involved in lipid metabolism, including apolipoprotein E (APOE), fatty acid binding Fig. 3 Inhibitory activity of extracts from P. angularis on 3T3-L1 cell differentiation. Cultured 3T3-L1 cells were stained with oil-red O dissolved with isopropanol (A). All samples, control group (À), experimental group without extracts (`) and treated with RBE (´), were photographed under microscopy. And relative value ratio of differentiation was presented after quantification by spectrophotometrical analysis at 520 nm (B). The results were expressed as mean ± SEM of at least triplicate experimental results. Differences between control group and RBE treated groups were analyzed using Student's t test with p = 0.001 \ 0.05 as the criterion of significance.
Suppressive effect of P. angularis extracts on adipogenic transcription factor, PPARc (peroxisome proliferator-activated receptor-c), gene expression showed under extract dose dependent manner (C). Gene expression levels were normalized with GAPDH, and shown relative ratio to its expression in differentiated cells. The results were expressed as mean ± SEM of at least triplicate experimental results. Differences between control group and RBE treated group were analyzed using ANOVA with Duncan's test with p \ 0.05 as the criterion of significance. Sharing same alphabet indicates no significant difference between two groups (p \ 0.05). (Color figure online) protein 4 (Fabp4), adipsin and stearoyl-coenzymeA desaturase 1 (Scd1), PPARc, and others. Among these, Fabp4 gene facilitates the synthesis of long chain fatty acid to triglyceride. In addition, Scd1 gene promotes the conversion of stearic acid to oleic acid in the pathway of fat cell formation as a reaction speed regulatory enzyme involved in the formation of monounsaturated fatty acid (Ntambi 1999; Von Eynatten et al., 2010) .
A recent study assessed fatty acid metabolism-related gene expression in the liver tissues of fatty liver-induced mice. As a result, the study verified that the expression of L-Fabp and Scd1 decreased in the group treated with hog millet hot water extract, indicating that the extract is effective in suppressing fatty acid synthesis (Park et al., 2012) . Moreover, Scd1 expression in mouse pre-adipocyte cell treated with soybean curd by-products during adipocyte differentiation, were decreased to the range between 50 and 85% depending on the treatment concentration in contrast to Fabp4 gene expression was almost unchanged compared to the control (Park et al., 2012) . This could be attributable to soybean curd by-products which involve in lipid metabolism and regulate adipocyte differentiation (Choi et al., 2011) . In this study, although RBE did not have much impact on Scd1 expression, it was identified to decrease the expression of Fabp4 genes effectively.
Analysis of adipokine gene expression
Here we examined the effects of RBE on the expression of adipokine genes. The expression rates of resistin genes in specimen-treated group were 36.6% at 1.6 lg/ml, 5.2% at 8 lg/ml, 4.0% at 40 lg/ml, and 2.5% at 200 lg/ml, showing a gradually decreasing tendency (Fig. 4C ). Adipokine is known as a regulatory substance involved in body metabolism and it is produced and secreted from fat tissues (Lyon et al., 2003) . Resistin (RETN), one of the most commonly known adipokines, is uniquely present in the cytoplasm of adipocytes and expressed only in adipocytes. It is also reported to induce diabetes by hampering insulin's metabolic effects. Also, the resistin gene expression is forecasted to be effective in regulating body metabolism since the expression level was reduced to 86% at the concentration of 100 nM endothelin-1 in 3T3-L1 adipocytes (Zhong et al., 2002) . In this study, we also identified that the expression level of adipokine resistin was reduced to 2.5% with the treatment of RBE.
Briefly, we examined the effects of RBE on adipocyte differentiation in obesity of a mouse on a high fat diet. The fat accumulation in adipose tissues in liver and epididymis in H-PA 30 group was remarkably less than HFD group. Moreover, the activation levels of AST and ALT and plasma lipid level were found to be maintained at the similar levels of control group. According to micro-CT analysis, abdominal and subcutaneous fat in H-PA 30 group were much less developed compared with those of HFD group. Adipocyte differentiation showed a gradually decreasing tendency as the concentration of RBE increased, indicating the suppression effects of the extracts Fig. 4 Suppression of gene expression relating lipid metabolism and adipokine by extracts from P. angularis. Gene expression of (A) fatty acid binding protein, Fabp4, (B) stearoyl-coenzyme A desaturase 1, Scd1 and (C) resistin, TETN were determined by quantitative RT-PCR with selected primers and calculated by gel image analysis using UV illuminator system (Core Bio iMaxTM, Korea). All results acquired in each experiment were presented as mean ± SEM of at least triplicate experimental results. Differences between control group (undifferentiated as a negative control and differentiated as a positive) and RBE treated group analyzed using ANOVA with Duncan's test with p \ 0.05 as the criterion of significance. Sharing same alphabet indicates no significant difference between two groups on adipocyte differentiation. RBE are found to inhibit the expression of Fabp4 and RETN genes which are known to regulate transcription factor PPARc gene expression and energy and fat metabolism. In conclusion, the extracts are verified to reduce body toxicity generated by oxidative stress, suppress fat accumulation, and improve plasma lipid level. Red bean hot water extracts also inhibit adipocyte differentiation by decreasing the expression of differentiation-inducing transcription factor and the formation of fat cells.
